Abstract. Exposure to environmental contaminants can induce physiological changes in animals through various mechanisms.
Polychlorinated biphenyls (PCBs) continue to persist as environmental contaminants due to their lipophilic nature and their ability to bioaccumulate and biomagnify in the food chain (Hoffman et al. 1996) . These are among the numerous compounds that are causing concern because of their potential as endocrine disruptors in (Ankley and Giesy 1998; . Contaminant-induced embryonic mortality and malformation, as well as reduced reproductive success, have been well described in birds exposed to dietary PCBs (Fernie et al. 2001a (Fernie et al. , 2001b Gilbertson et al. 1991; Hoffman et al. 1996; Kozie and Anderson 1991; Schwartz et al. 1993) .
In addition to the well-studied reproductive effects of PCBs, the possibility of immunotoxic effects is a growing concern. For example, mass mortalities from viral infections in seals were associated with immunosuppression likely due to PCB exposure (Ross 1995) . PCBs have been documented to cause immune modulation in avian (Fairbrother 1994; Smits and Bortolotti 2001) and mammalian species (Poland and Knutson 1982; Ross 1995) . In nestling herring gulls (Larus argentatus) and Caspian terns (Sterna caspia) exposed to persistent organochlorine contaminants on the Great Lakes, T cell-mediated immunosuppression was expressed through a decreased response to the phytohemagglutinin (PHA) skin test (Grasman et al. 1996) . In addition, immune function is proving to be a sensitive indicator of contaminant exposure when compared to other measures of animal health (Smits et al. 1996a (Smits et al. , 1996b . Increasingly, immunotoxicology is being applied as a monitoring tool for evaluating the impacts of environmental contaminants on wildlife (Bishop et al. 1998; Ross 1995; Smits et al. 1996a . Immune function has been compromised in waterfowl (Fowles et al. 1997b) , upland game birds (Grasman and Scanlon 1995) , and passerines (Smits and Williams 1999) exposed to a range of environmental pollutants.
Because American kestrels are at the top of the food chain and are common over a wide geographical range, they are a convenient model to study effects of xenobiotics (Wiemeyer and Lincer 1987) . Studies have shown kestrels to be susceptible to PCB toxicity; experimental exposure caused moderate hepatic enzyme (CYP1A) induction in adults (Elliot et al. 1997) , and severe hepatic, thyroid, splenic, and bursal pathology in nestlings (Hoffman et al. 1996) . The latter findings are consistent with immunomodulation.
Measures of immune function in birds have comprised a routine component of studies of pathology and physiology in domestic fowl (e.g., Chu et al. 1995; Goto et al. 1978; Laudert et al. 1993; Van der Zijpp 1983) . However, under field condi-tions, there are a limited number of nonlethal tests that can be used in vivo in wild birds, two popular exceptions being the PHA skin test and antibody production against sheep red blood cells (Grasman and Scanlon 1995; . The PHA skin test provides a measure of the proliferative response potential of circulating T lymphocytes to an injected mitogen (Goto et al. 1978; Hungerford et al. 1959 ). An evaluation of immune function can be achieved more comprehensively by concurrent assessment of the status of thyroid hormones. Normal thyroid hormone levels are necessary for adequate development, maintanence and function of both the antibody-and cell-mediated immune responses (Erf 1993; Cremaschi et al. 2000; Klecha et al. 2000) . Because of the recognized potential for PCBs to cause immune modulation and thyroid hormone disruption, we assessed plasma thyroxine (T 4 ) and triiodothyronine (T 3 ) together with the T lymphocyte-mediated immune response. As part of an overall health assessment, we conducted routine white blood cell (WBC) counts and differentials as well.
Materials and Methods
This study was conducted at the Avian Science and Conservation Centre of McGill University (Quebec, Canada) using an outbred colony of American kestrels of known pedigree. In 1998 birds were fed PCBs that had been injected into their food items; in 1999 individuals exposed in the previous year were tested again without additional dietary inputs (Fernie et al. 2001a (Fernie et al. , 2001b . In March 1998, nonbreeding birds and future breeding pairs (n ϭ 152) were randomly assigned to PCB or control groups. They were housed in large flight pens segregated by sex and treatment. Birds were maintained at ambient temperature, and their diet was exclusively day-old cockerels, as it had been for several generations. Exposure of kestrels to PCBs began on 18 March and continued for 120 days for nonbreeders or until the hatching of the first egg for breeding pairs. A mixture of 1:1:1 Aroclor 1248:1254:1260 suspended in food grade safflower oil was injected intracranially into the cockerels. The food of control birds received the equivalent dose of safflower oil. Kestrels were fed ad libitum and were assumed to be eating 1.5 cockerels per day, although this varied among individuals. The dosage offered to the birds was calculated to deliver approximately 7 mg PCB/kg bird/day and resulted in mean plasma levels of 3.8 g/g wet weight at the end of the dosing period (measured in male kestrels) (Droulliard et al. 2001) . Contaminant levels in the food items and the PCB mixture used in this study were similar to the body burdens that have been found in small mammals around PCB-contaminated sites in Canada (Environment Canada unpublished data). PCB residues peaked after 80 days of feeding on the Aroclor-contaminated diets and remained relatively constant during the final 80 -120-day dosing period. Following cessation of the PCB dosing, tissue levels of individual PCBs began to decline at different rates depending on congener chlorine substitution patterns and chemical hydrophobicity. In general, labile PCBs were completely cleared from animal tissues following 340 days of elimination, whereas clearance of persistent PCBs during this time varied from 98% clearance to less than 50% clearance depending on the chemical hydrophobicity (Drouillard et al. 2001) .
On 21 April 1998, 25 pairs of both PCB-exposed and control birds were put into individual, outdoor breeding pens (2.5 ϫ 1.5 ϫ 2.5 m). The exposure to PCBs for these breeding adults continued for approximately 100 days until the eggs in each nest started to hatch. Therefore the fledglings produced by these birds (n ϭ 32 from 18 control nests, n ϭ 14 from 15 PCB-exposed nests) had only been exposed in ovo. Analysis of eggs revealed mean total PCB residues of 34.1 g/g (Fernie et al. 2001a ) on a wet-weight basis, which is comparable to levels found in free-ranging wildlife species (Bosveld and Van den Berg 1994) .
Blood samples were collected by jugular venipuncture using a heparin-rinsed 1-ml syringe. Blood for the WBC counts was collected on 1 July 1998; the PHA tests were conducted over the following 4 days. The blood smears, made on glass slides at the time of collection, were stained with Wright-Giemsa and examined by light microscopy using a 40ϫ objective. Total WBC count (WBC ϫ 10 9 /L) was estimated based on the average number of leucocytes in five fields. The WBC count was standardized to the number of red blood cells (RBCs); to control for variability in smear thickness, only the fields with an evenly distributed monolayer of RBCs were counted (described in Tella et al. 2000) . The proportions of heterophils, lymphocytes, monocytes, eosinophils, and basophils were determined from a sample of 100 leukocytes counted at the feathered edge of the smear. Counts were log-transformed for statistical analyses. To provide a frame of reference for the blood cell counts, we present data on wild American kestrels during the breeding season from north central Saskatchewan, Canada, in 1997 (see Tella et al. 2000) .
The T cell proliferative potential, one aspect of cell-mediated immune function, was tested in vivo in nonbreeding adults (1998 only), and all nestlings at 22-28 days of age (i.e., around fledging) (1998 and 1999) using the PHA skin test. The response of T lymphocytes was based on the original techniques described by Goto et al. (1978) , as modified by . Briefly, a 0.5-1 cm patch of skin on the mid-patagium of the right wing was gently plucked or trimmed clean of feathers. The bare skin was swabbed with alcohol and 50 g PHA in 50 l of sterile phosphate buffered saline (PBS) was injected subcutaneously with a 27-gauge needle. Patagium thickness was measured to 0.01 mm, using a digital micrometer (Mitutoyo 0 -1", Tokyo) in 1998 and a gauge micrometer (Dyer OD gage 0.01 mm, Dyer, Lancaster, PA) in 1999 immediately prior to the injection and 24 h after injection. The mean of two to four measurements of patagium thickness was recorded, and the PHA response was the calculated difference between the 24-h and 0-h skin thickness.
In late July 1998, breeding birds and their offspring were transferred to communal flight pens with the nonbreeding adults. In the spring of 1999, the adult PCB and control birds from 1998 were randomly paired and bred again. The offspring from 1998 were bred with experienced, control adults. No additional PCBs were fed to kestrels in 1999. At this time, whole-carcass residue samples from a small subgroup of birds euthanized for this purpose showed that the readily metabolizable congeners were completely eliminated from animals 1 year postexposure, whereas persistent PCB congeners exhibited 44 -98% losses during the same time period (Drouillard et al. 2001) .
The PHA response of nestlings produced in 1999 was tested in the manner described. We randomly selected one nestling of each sex (determined by sexually dimorphic feather coloration) per nest when possible. Treatment groups were designated according to the female parent's PCB status; dams that had eaten PCBs in 1998 (PCB diet), dams that had been exposed in ovo in 1998 (ovo exp), and dams that had never been fed PCBs (control) .
As this study was part of a larger project on endocrine-disrupting potential of PCBs, levels of corticosterone, total triiodothyronine (T 3 ) and thyroxine (T 4 ) were also measured. On 1 July 1998 (just before PCB exposure ended for nonbreeders) a 0.5-ml sample of blood was taken from the jugular vein of each bird for hormone extraction, and smears were taken for WBC differential counts. The skin test was conducted on 4 July. In 1999, the blood sample was taken at the same time as the PHA injection, between 1 and 4 July. The hormones listed were examined as potential covariates of the PHA response during statistical analysis.
T 3 and T 4 levels in plasma samples were determined by a radioimmunoassay (RIA) specific for each hormone. Antisera and purified hormones used for standards were purchased from Sigma (St. Louis, MO), whereas radiochemicals were purchased from Amersham (Oakville, ON) or NEN (Mandel Scientific, Guelph, ON). Other reagents and materials were purchased from VWR Canada (Edmonton, AB) or Sigma. In all assays, samples were measured in duplicate, and internal control samples containing known amounts of the hormones were included to ensure that the accuracy of each assay was high and that between-assay and within-assay variability (i.e., precision) was acceptable (% coefficient of variation Ͻ 10%). Displacement curves produced by serial dilutions of samples were parallel with each hormone standard curve, indicating that the RIAs described below were suitable for measurement of circulating hormone levels in kestrels. For all RIAs, the minimum detection limit was defined as a hormone concentration less than the ED 80 of the standard curve.
Thyroid hormone RIAs were conducted using procedures that determine total T 3 and total T 4 levels (Chopra 1972) , as described in instructions from the supplier of the antisera. The relatively small plasma volume available in this study precluded measurement of free thyroid hormone levels in kestrel plasma. The T 3 and T 4 antisera were diluted so as to obtain specific binding of 25-30%; nonspecific binding was low (Ͻ 10%) in the RIAs. Incubation of diluted antiserum (200 l) with samples or standards (100 l total) and approximately 15,000 CPM of 125 I-hormone (200 l) was performed at room temperature for 24 h. A gamma counter (Titretech, Huntsville, AL) was used to measure radioactivity. A second-antibody technique was then used to separate bound and free hormone. For assays of samples collected in 1998, 125 I-hormones were purchased from Amersham. Subsequent T 3 and T 4 RIAs were conducted using 125 I-T 3 and 125 I-T 4 , respectively, prepared according to Kjeld et al. (1975) . Internal control samples indicated that precision and variability of the RIAs were equivalent and not dependent on the origin of the 125 I-hormones. Based on information from the supplier, the T 3 and T 4 antisera utilized in these RIAs display a high degree of hormone specificity. The T 3 antiserum has negligible cross-reactivity (Ͻ 0.5%) with T 4 and related molecules (diiodo-L-thyronine, diiodo-L-tyrosine, and moniodo-L-tyrosine). The T 4 antiserum displays only 5% cross-reactivity with T 3 and Ͻ 0.5% cross-reactivity with diiodo-L-tyrosine, moniodo-L-tyrosine, and Dthyroxine. Plasma samples were diluted 4-to 10-fold prior to use in the thyroid hormone assays and measured at the midrange of the standard curves. The minimum detection limit was 80 pg per ml of plasma for the T 3 RIA and 250 pg per ml of plasma for the T 4 RIA.
Statistical analyses were performed using SPSS (Norušis 1993) . A general linear model (GLM) was used to test responses of PCB versus control groups, the criteria for significance being p Ͻ 0.05. The PHA skin test carried out on nonbreeding adults and nestlings in 1998 was analyzed with a GLM using sex, treatment, and age category (fledglings and adults) as fixed factors and T 3 as a covariate. Mass was examined as a potential covariate also, using a subset of the data; but it proved to be nonsignificant (F 1,73 ϭ 0.007, p ϭ 0.933) and was excluded to expand the sample size. In 1999, only sex and treatment were relevant factors, and T 3 was again used as a covariate.
Results
Total WBC counts from nonbreeding kestrels sampled during early July 1998 were significantly increased in PCB-exposed males (F 1,24 ϭ 7.206, p ϭ 0.013) but not females (F 1,20 ϭ 0.564, p ϭ 0.46). This was largely driven by significantly higher numbers of lymphocytes (F 1,24 ϭ 14.654, p ϭ 0.001), which in turn resulted in the heterophil to lymphocyte (H:L) ratio being significantly decreased in the PCB-treated males (F 1,24 ϭ 10.491, p ϭ 0.003) ( Table 1) .
In 1998 T 4 levels showed a significant effect due to age, as chicks had higher concentrations than adults (F 1,73 ϭ 5.282, p ϭ 0.024), but not sex (F 1,73 ϭ 0.012, p ϭ 0.914) or treatment (F 1,73 ϭ 0.534, p ϭ 0.467) ( Table 2 ). However, T 3 levels were significantly lower in males than females (F 1,80 ϭ 11.449, p ϭ 0.001), and lower in PCB-exposed than control birds (F 1,80 ϭ 16.081, p Ͻ 0.001), and lower in adults than nestlings (F 1,80 ϭ 8.404, p ϭ 0.005). In 1999, considering only the nestlings, T 4 levels in PCB-exposed kestrels were lower than controls (F 1,43 ϭ 4.365, p ϭ 0.043), but there was no sex (F 1,43 ϭ 0.743, p ϭ 0.393) effect; T 3 no longer varied with treatment (F 1,97 ϭ 2.112, p ϭ 0.149) or sex (F 1,97 ϭ 0.583, p ϭ 0.447) ( Table 2 ).
In 1998, PCB birds had a significantly greater response to PHA than controls (F 1,79 ϭ 4.518, p ϭ 0.037), with concurrent significant effects for sex (F 1,79 ϭ 1.851, p ϭ 0.006) and T 3 (F 1,79 ϭ 1.950, p ϭ 0.005) but not for age (F 1,79 ϭ 0.665, p ϭ 0.095) ( Figure 1A ). There were no significant interactions. The estimated marginal means (Ϯ SE) for PHA skin responses as calculated by the GLM were 1.639 Ϯ 0.069 and 1.886 Ϯ 0.091 for control and PCB-treated birds, respectively. The 1999, nestlings, i.e., F1 generation with respect to PCB exposure, did not show any effect of parental treatment group (F 2,49 ϭ 0.127, p ϭ 0.881) or sex (F 1,49 ϭ 0.052, p ϭ 0.820). However, the PHA skin response still correlated positively with T 3 (F 1,49 ϭ 4.407, p ϭ 0.041) ( Figure 1B ) and almost with mass (F 1,49 ϭ 3.883, p ϭ 0.054). The estimated marginal means (Ϯ SE) for PHA skin responses as calculated by the GLM were 1.421 Ϯ 0.129 for controls, 1.512 Ϯ 0.185 for PCB diet, and 1.360 Ϯ 0.271 for ovo-exp. Because the level of exposure for F1 birds from in ovo-exposed mothers is likely very low, we reanalyzed the data based on two treatments only: nestlings with parents directly exposed to PCBs the previous year, and those with parents receiving no direct exposure (n ϭ 16 and 32, respectively). The results were identical to analyses based on three treatment groups.
Discussion
As is seen in many avian species (Campbell 1995) , there is a wide variation in the normal leukogram of kestrels. There is no established range of normality for this species. In comparison with the leukogram values of the control birds as well as the range found in wild birds, it appears that the WBC values of the PCB-exposed birds were normal. This supports the clinical observations that they were free from significant disease. Overall, the WBC count was substantially lower in the captive compared to the wild kestrels, which may be expected because birds in the wild are exposed to a much broader range of infectious organisms, fluctuations in prey supply, and natural and weather-related stressors that are not encountered in a controlled, captive environment. For American kestrels, lymphocytes normally tend to be more numerous than heterophils, and females have higher total leukocyte counts than males.
The total and differential leukocyte counts revealed a sexspecific pattern in wild and control birds, but this largely disappeared in the PCB-exposed kestrels (Table 1 ). Males exposed to PCBs had conspicuously higher WBC counts than control males. This was largely driven by a lymphocytosis, although heterophils were marginally higher in the PCB group. Lymphocytosis is normally stimulated by chronic antigenic exposure associated with specific types of infectious agents. Heterophilia is generally associated with acute infections and social or environmental stressors. Environmental contaminants, such as insecticides (Mandal et al. 1986) , crude oil (Leighton 1986) , and some organochlorines (Grasman et al. 2000) , have been found to stimulate a relative heterophilia in birds, but findings are variable. Some studies report depressed (Gross and Siegel 1983) or no effect (Grasman et al. 2000) on heterophil numbers in exposed birds.
The captive kestrels in this study were clinically healthy before and after these blood collections, so it is unlikely that they were suffering from an infectious disease. The males but not the females exposed to PCBs had significantly depressed corticosterone levels (p Ͻ 0.05, Marchant et al. unpublished data) along with higher levels of circulating lymphocytes. It is possible that the normal physiological increase in serum concentrations of glucocorticosterone related to capture and handling during experimental manipulations, which results in suppression of the immune reaction, was responsible for moderating the production and release of T lymphocytes in the control birds. Because the PCB-treated males were not mounting the normal corticosterone-related stress response (i.e., lower circulating WBC counts), this may have allowed increased production and release into circulation of T lymphocytes. The finding of higher numbers of T cells in circulation would be compatible with the increased PHA skin response seen in the birds exposed to PCBs, as they are the main effector cells in this reaction.
The PHA skin test response demonstrated that in nestling kestrels T lymphocytes are mature enough to respond to mitogenic stimulation and to promote cytokine-mediated local molecular and vascular reactions that allow the perivascular accumulation of mononuclear cells (Goto et al. 1978; Kean and Lamont 1994) , which are collectively responsible for the measurable skin swelling. At hatching, chickens have phenotypically mature T cells (CD4ϩ and CD8ϩ) that can bind mitogens, but they show no proliferative response, nor can they secrete cytokines including interleukin-2 (IL-2) (Lowenthal et al. 1994) . By 4 days of age, their T cell proliferative response is approximately 60% that of mature birds, whereas IL-2 production is approximately 32%. In an altricial species, such the kestrel, this delay in T cell function is likely to be longer than in precocial species, such as domestic chickens, although the ontogeny of the kestrel immune system is not yet known. In 3-week-old nestlings from this study, the PHA response was not different from that of adult birds (greater than 1 year old) although age category approached significance in the GLM. Because of dietary as well as other challenges, immunological development must occur rapidly in young carnivorous birds, a Blood samples from captive birds (PCB diet and control) were collected during the time pairs were raising nestlings; those from the wild birds were collected during incubation. *Values in the PCB-diet group are different from those in the control group (p Ͻ 0.05). Table 2 . Plasma thyroid hormone levels (mean ng/ml Ϯ SE) in adult and nestling American kestrels from PCB-exposed and control groups (see text for treatment details) but comparisons of immunological development between these and precocial birds are not well documented.
The positive relationship between plasma T 3 concentrations and the PHA response of PCB-exposed males during the year of direct exposure persisted the following year, although there was no longer any effect of maternal exposure to PCBs. The influence of chronic stress on thyroid hormones and resultant effects on the immune response , as well as interaction between the thyroid axis and immune function has been well studied in mammals Perez-Castro et al. 1998) . Reduced serum levels of thyroid hormones were accompanied by lower antibody production in stressed mice . Klecha et al. (2000) demonstrated decreased cell-mediated and humoral immune responses in animals with low thryoid hormone levels. Similarly, Perez-Castro et al. (1998) has shown the T cell-dependent antibody response in rats to be inhibited subsequent to suppression of the thyroid hormone release. Influences of thyroid hormones on immune function have been studied in avian species as well. Fowles et al. (1997a) found that in mallard ducks with depressed thyroid hormone levels, cytotoxic T cell activity was suppressed, but thyroid status had no effect on T cell-dependent antibody response, macrophage phagocytosis, or natural killer cell activity. Decreased thyroid hormones in chickens lead to an increased in vitro T cell proliferative response to mitogenic stimulation (Williamson et al. 1990) , and increased T 3 depressed T cell responses (Erf and Marsh 1989) . Thus, the relationship between thyroid hormones and immune response is far from predictable even without the complication of PCB exposure.
As Rolland (2000) pointed out in her recent review of contaminant-induced alterations in thyroid hormone levels in wildlife, experimental and field studies have produced divergent findings. No predictable pattern or consistent response is emerging from different avian studies in which Ah-inducing chemicals are being examined. This may be because of differences in experimental protocols and, for field research, unmeasured contaminants or confounding biological factors. In our study, T 3 proved to be more sensitive to suppression by PCBs than was T 4 . These findings concur with those of Fowles et al. (1997b) in which Aroclor caused depression of serum T 3 in mallards (Anas platyrhynchos). The mechanism by which PCBs are interfering with circulating thyroid hormone levels cannot be determined from the current study.
Modulation of immune function results from increased levels of hormones (glucocorticoids) produced as a generic response to social, physical, or contaminant-related stress, but expression of the shift in immune function is not predictable. In an immunotoxicity study on Japanese quail (Coturnix coturnix), experimental corticosterone treatment that caused immunosuppression of the cell-mediated immune response to PHA did not decrease antibody response (Grasman and Scanlon 1995) . In contrast, in mallards (A. platyrhynchos) injected with the synthetic corticosteroid dexamethazone, antibody titers were decreased while natural killer cell activity was increased (Fowles et al. 1993 ). In the PCB-exposed birds, females had higher antibody levels but no difference in plasma corticosterone relative to controls. The PCB exposed males had decreased corticosterone levels, decreased antibody production, and an increased PHA response. This may represent a PCB-induced, sex-specific shift in T cell subpopulations, favoring the expression of T helper 1 (Th1) over T helper 2 (Th2) development. This shift would favor the activation of cell-mediated immunity at the expense of the humoral immune response (Rook et al. 1994) .
In mammals immunized with sheep RBCs to stimulate a humoral immune response, peak antibody production occur simultaneously with peak cortisol level precipitated by increased activity in the hypothalamus (Besedovsky and Sorkin 1977) . Work by this group describes influences between the immune response and hypothalamic-pituitary-adrenal (HPA) axis. Several cytokines (interleukin-1, tumor necrosis factor, interleukin-6) are important mediators of the HPA axis response to activation of the immune system in vivo (Besedovsky et al. 1991) . They cause secretion of hypothalamic corticotropin-releasing hormone, which leads to adrenocorticotropic hormone release by the pituitary and subsequent glucocorticoid production. This in turn enhances Th2 activity, which supports antibody-mediated immunity. In highly stressed humans, the cell-mediated but not humoral immune response is suppressed (Rook et al. 1994) . Thus, the suppression of glucocorticoids indirectly enhances Th1 activity by blocking corticosteroiddriven Th1 T cell suppression (Daynes et al. 1991) . These findings are consistent with the antibody-mediated and cell-mediated immune responses seen in the PCB-exposed male kestrels. The mechanism through which PCBs may be interacting with this system is different for males and females. Exposure to PCBs suppressed plasma T 3 levels in both sexes, whereas their immune responses were either similar (CMI) or opposite (antibody response) to each other. Corticosterone, which plays a pivotal role in the HPA axis as well as the immune response, was suppressed in males only (Marchant, unpublished data) .
The PHA skin test provides an indication of the responsive potential of cell-mediated immunity in preparation for targeted function. Clonal proliferation is integral to the cell-mediated immune response, but it is important to recognize that this test alone does not provide insight into the later functional capacity of those cells. The role of well-differentiated T cells is to seek and destroy foreign antigens, which is accomplished by recruiting, through cytokine release, macrophages or B cells as required to help perform this function. In the wild, birds face numerous environmental, infectious, physical, and nutritional challenges. An apparently subtle change in the capacity of the immune system under captive conditions could be exacerbated in birds facing multiple stressors.
Through these studies, it is evident that dietary PCBs cause immunomodulation of both cell-mediated and humoral immune responses in kestrels, and both are strongly sex linked. PCBs will exist as environmental toxicants for many years to come and are known to have a negative impact on reproductive performance in high-trophiclevel avian species (e.g., Fernie et al. 2001a Fernie et al. , 2001b Baron et al. 1995; Boudewijn and Dirksen 1995) . The results of this study can be incorporated into future pursuits of immunology and other health-related issues in wild birds at risk of exposure to environmental contaminants, as well as captive birds under experimental conditions.
